Objective: The prevalence of diabetes mellitus is known to be increasing rapidly worldwide, but few population-based surveys have been undertaken in Africa or the Middle East. The aims of this study are to report the prevalence of diabetes mellitus and impaired fasting glucose (IFG) in Tunisia, to compare the prevalence to previous studies and to analyse the relationship between diabetes and age, sex, area of residency and body mass index (BMI). Subjects and setting: We have used data from the Tunisian National Nutrition Survey, a cross-sectional health study providing a large nationally representative sample of the Tunisian population including 3729 adults. We used the American Diabetes Association diagnostic criteria to determine the prevalence of diabetes mellitus and IFG. Results: The overall diabetes prevalence was 9.9% (9.5% in men and 10.1 in women) giving age-adjusted prevalence of diabetes of 8.5% (7.3% in men and 9.6% in women).
Introduction
The prevalence of diabetes is increasing worldwide. According to the World Health Organization (WHO), there will be 300 million people with diabetes by the year 2025 (King et al., 1998) . It is anticipated that the number of people with diabetes will more than double as a consequence of population ageing and of urbanization. This rise is predicted to occur in virtually every nation, with greatest increases expected in developing countries (Zimmet, 2003; Wild et al., 2004) .
In the USA, the prevalence of diabetes remains high and has become one of the most common chronic diseases; using the American Diabetes Association (ADA) criteria, the National Health and Nutrition Examination Survey III data indicate that diabetes and impaired fasting glucose (IFG) affect 7.8 and 6.9%, respectively, of adults X20 years of age (Harris et al., 1998) . A national study conducted in Australia has also demonstrated a significant increase of diabetes: 7.4% of adults had diabetes in 2000 compared to an estimated 3.4% in 1981 (Dunstan et al., 2002) . Similarly, type II diabetes prevalence in an urban South Indian population among individuals aged over 20 years rose from 8.3 to 11.6% within a 6-year period (Ramachandran et al., 1997) . The Eastern Mediterranean/Middle East region is thought to be experiencing a particularly rapid increase in obesity and diabetes (Asfour et al., 1995; World Health Organisation, 1997; Ajlouni et al., 1998) , but not all countries have data from nationwide surveys. Major health problems face Arab countries and the public health challenges include wide disparities between rural and urban areas in different countries with an emphasis on curative rather than preventive care (Samer, 2003) .
To date, few population-based surveys have been undertaken in Tunisia or indeed, North Africa. A prevalence survey of diabetes mellitus, based on a fasting plasma glucose (FPG) level of greater than 7.8 mmol, was undertaken in Tunisia in the late 1970s and early 1980s (Papoz et al., 1988) . The study was undertaken in two regions, one urban and one rural, and demonstrated a low prevalence rate of diabetes in rural areas (0.6%) compared to urban areas (4.6%). A more recent study of a random sample of a suburban adult community of Tunisian's Sahel area, conducted in 1991, reported a prevalence of diabetes of 6.5% using WHO criteria (Ghannem et al., 1993) . Similarly, a study from one region in the Northeast of the country among 35-50 year olds in 1988-1990 reported a prevalence of 7.2% (Gharbi et al., 2002) .
The primary aim of this study was to report, for the first time, the prevalence of diabetes mellitus (based on a fasting glucose sample) and IFG throughout Tunisia among adult men and women in urban and rural populations. Secondary aims were to compare the prevalence to previous studies and to analyse the relationship between diabetes and age, sex, area of residency and body mass index (BMI).
Methods
The Tunisian National Nutrition Survey (TNNS) was designed to give a national normative estimate of the health and nutritional status of the Tunisian population. It was a cross-sectional health study providing a large, nationally representative sample of the Tunisian population. It was established by the National Institute of Nutrition and included 1735 households with a total of 7860 subjects of all ages, and was conducted in 1996 and 1997.
The TNNS included 3729 adults who were over 19 years of age and for whom anthropometric measurements (body weight, height, waist circumference), FPG and blood pressure measurements were recorded. After an initial household census survey, all participants were invited to take part in a detailed individual testing survey, which were held at community centres, primary health-care centres and hospitals.
Almost two-thirds of the population studied resided in urban areas as defined by the National Institute of Statistics. The mean response of the household survey was 96.4% (1735 household responses from 1800 households). From the individual testing survey, the mean overall national response rate was 85.1%. Higher response rates were observed in rural communities (75% in adult and 95% in older people) and women (95%). The lowest response rate observed was among men living in urban areas (63%). Poorer response rates from men in household, epidemiological surveys in developing countries is a typical difficulty due to men being in employment, along with cultural ideas of the house being the woman's domain (Abdul-Rahim et al., 2001; Gharbi et al., 2002) . To reduce the bias between the sexes caused by the variation in response rate, the results of the men and women were analysed separately.
Three specially trained nurses and three physicians performed the measurements of the whole TNNS. Height was measured without shoes and body weight was assessed with the subject wearing only light underwear. Waist circumference was measured with a tape measure mid-way between the lower rib margin and the iliac crest. The resting blood pressure was determined once on the right arm after the patient had been seated for at least 5 min with an automatic oscillometric blood pressure recorder. Blood pressure and waist circumference results are being reported elsewhere (Bouguerra et al., 2006) .
Blood samples were collected after a 12-h overnight fast. FPG was determined by the glucose oxidase enzymatic method. Blood was collected in oxalate fluoride and transported on ice for measurement. Plasma glucose was measured within 3 h by the same team of laboratory technicians. The measurements were carried out in the same laboratory and the coefficient of variation of glucose estimation was less than 3%, as estimated by the internal quality control check carried out at intervals of 30 tests. All biochemical analyses were carried out using a Beckman reagent Kit on a Beckman SYNCHRON CX7 analyzer.
In order to assess any change in the prevalence of diabetes in Tunisia over time, we have compared our results to a previous study conducted by Papoz et al. (1988) . This was a prevalence survey of diabetes mellitus carried out on two random samples of households: a first sample in 1976/77 from an urban area, the Gouvernorat of Tunis, consisting of 3826 adults, and a second sample in 1980/81 from a rural area, the Gouvernorat of Siliana, consisting of 1787 adults. The families were interviewed at home and diabetes assessed on an interview (known cases) and a fasting glucose level of X7.8 mmol/l (new cases). The first sample included 1449 households from a selected sample of 1580 (131 refused to participate), and the second 735 households from a selected sample of 788 (53 refused to participate).
Definitions
Participants with self-reported diabetes were classified as having known diabetes. Individuals not reporting having diabetes and who had a FPG X7 mmol/l were classified as having diabetes according to the ADA diagnostic criteria (The Expert Committee on the Diagnosis and Classification of Diabetes Mellitus, 1997). IFG was defined as an FPG X6.1 mmol/l but o7 mmol/l. The prevalence rates have been adjusted to the urban/rural structure of the Tunisian population according to the 1994 national Tunisian census.
To compare the prevalence rates of diabetes between our survey and the study of Papoz et al. (1988) we have used the same diagnostic criteria of FPG X7.8 mmol/l (World Health Organisation, 1980) and we have adjusted both populations to the 1995 world population (United Nations Population Division).
Statistical analysis
Statistical analysis was performed using the SPSS version 11.5 software package. We conducted univariate and multivariate model stepwise logistic regression analysis. The multivariate analysis model included the variables of age, sex and residency (urban or rural). Crude odd ratios from univariate analysis and adjusted odd ratios for age, area of residency and BMI from multivariate analysis were calculated with confidence intervals (CI) of 95%. Differences were considered as significant only if Po0.05.
Results
Prevalence of diabetes and IFG The overall diabetes prevalence was 9.9% (n ¼ 3729): 8.8% (1247) in men and 9.5% (2482) in women (Table 1) . Seventyfive per cent of those identified as having diabetes were undiagnosed.
The age-adjusted prevalence of diabetes was 8.5%: 7.3% in men and 9.6% in women. The prevalence of diabetes increased markedly with increasing age: 2.2 and 0.8% in the youngest age group of men and women, respectively, increasing to 15.5 and 23.3% in those aged 60-69 years (Table 1) . Higher crude prevalence rates of diabetes mellitus were observed in the urban compared to the rural population (Po0.0001).
Results of univariate and multivariate logistic regression are summarized in Table 2 . Age was divided into two categories of less and more than 40 years of age, because the prevalence of diabetes increased significantly at this age point in our study. In both sexes, people living in urban areas were more likely to have diabetes (odds ratio of 2.45 (95% CI: 1.65-3.63) in men and 2.64 (95%, CI: 2.13-3.26) in women). High BMI (X25 kg/m 2 ) was significantly associated with diabetes in the univariate and multivariate analyses.
Stepwise logistic regression showed age more than 40 years old, urban residency and high BMI to be significantly and independently related to diabetes.
Trend over time of the prevalence of FPG X7.8 mmol/l Using the same diagnostic criteria (FPG X7.8 mmol/l), and after adjustment of both populations to the 1995 world population, a marked increase of diabetes prevalence was observed when comparing our study with the previous survey by Papoz et al. (1988) (Table 3 ). The increase was The global diabetes pandemic: the Tunisian experience R Bouguerra et al particularly striking among women living in rural areas where the prevalence increased from 0.74 in 1981 to 3.83 in 1996 (Po0.001). In urban areas, the prevalence increased from 4.03 to 8.73 in men (Po0.001) and from 3.77 to 9.97 in women (Po0.001). There has been a significant increase in diabetes prevalence in both men and women during the 15-year period between the two surveys.
Obesity
The prevalence of obesity, using BMI and waist circumference, was significantly higher among women than men and more common in the urban than rural population (Table 4) . Table 4 also demonstrates the change of mean BMI between the two surveys and reveals a significant increase in all groups, except for men in rural areas.
Discussion
Our study has demonstrated a high prevalence of diabetes in the Tunisian adult population. The overall prevalence of diabetes mellitus in Tunisia according to the ADA is 9.9% and the age-adjusted prevalence is 8.5%. Comparison of our data with other epidemiological reports may be difficult because of different criteria used, different methods adopted, how representative samples are and the varying dates that the studies have been performed. However, it appears that the prevalence of diabetes in Tunisia is at an intermediate level relative to the rest of the world. The prevalence of diabetes has not been estimated yet in neighbouring countries in North Africa; however, the prevalence of diabetes in Arab countries varies from 3% in Sudan to 25% in Bahrain (Asfour et al., 1995; Elbagir et al., 1996; Ajlouni et al., 1998; Al-Mahroos and McKeigue, 1998) . Our prevalence of diabetes is comparable to those reported in the Danagla community of northern Sudan (10%), in Oman (10%) and Turkey (7.9%), and higher than those reported in Yemen (4.6%), desert-like parts of Sudan (0.9%) and rural Egypt (Asfour et al., 1995; Elbagir et al., 1998; Satman et al., 2002; Al-Habori et al., 2004) . In Jordan, the overall prevalence of diabetes has been reported as 13.4%: 14.9% in men and 12.5% in women, higher than rates reported from most countries in the region (Ajlouni et al., 1998) . A high rate of age-adjusted prevalence of diabetes has also been noted in men (20.0%) and in women (15.5%) among the Arab-American population (Jaber et al., 2003) . The prevalence of diabetes mellitus and of IFG was similar in men and women in our study. Worldwide, diabetes occurs equally in men and women, but it is slightly higher in men The global diabetes pandemic: the Tunisian experience R Bouguerra et al under 60 years of age and in women at an older age: the female excess is more pronounced in developed countries (King et al., 1998; Wild et al., 2004) . Previous reports from Arab countries have shown variable results regarding gender differences in the prevalence of diabetes mellitus. Like previous reports, our study has demonstrated the increased burden of diabetes in urban areas. Indeed, the urban/rural ratio in diabetes frequency is predicted to rise from 1.6 in 1995 to 3.3 in 2025 in developing countries (King et al., 1998; Zimmet, 2003) . Urban residency is associated with a wide range of factors that in turn affect diet, physical activity and body composition. Our study demonstrated that the urban population had higher crude prevalence rates of obesity, which could be contributing to the higher prevalence of diabetes. Higher prevalence rates of both diabetes and obesity have been reported in urban areas in other studies in Arab countries (World Health Organisation, 1997; Ajlouni et al., 1998) . In contrast to the higher prevalence of diabetes in the urban areas, the prevalence of IFG in our study is similar in urban and rural areas, and possibly even more prevalent in rural areas among women. This finding is worthy of further exploration.
We have shown that over a period of 15 years, the prevalence of diabetes mellitus increased in both men and women; the increase was particularly marked among women living in rural areas. In the USA, the prevalence of diabetes increased from 4.9% in 1990 to 6.5% in 1998 (Mokdad et al., 2000) . Harris et al. (1998) similarly demonstrated an increase in the prevalence of diabetes in the population aged 40-74 years from 8.9% in the period 1976-1980 to 12.3% by 1988-1994 . Similar increases of the prevalence of diabetes have been demonstrated in studies in Australia and India (Ramachandran et al., 1997; Dunstan et al., 2002) . Indeed, based on previous epidemiological studies, WHO has estimated that the diabetes prevalence of all age groups worldwide will increase from 2.8% in 2000 to 4.4% in 2030 (Wild et al., 2004) .
The cause of the rising prevalence of diabetes is in part related to obesity. We have observed an association of diabetes mellitus with BMI in men and women in the multiple logistic regression analysis. The high prevalence rate of obesity and especially of abdominal obesity in rural and urban women is probably the major cause of the rising prevalence of diabetes in women in our country. The mean BMI of rural and urban women significantly increased between the two surveys. However, rural men did not observe a significant increase in our study of the prevalence of diabetes probably because obesity is not prevalent in rural men (4.6%) and also the mean BMI did not increase during the time period between the two surveys. In Tunisia, rural men continue to be engaged in manual labour and agricultural work, which involves high levels of physical activity, thus preventing high rates of obesity. In contrast, most women in rural areas are usually confined to household work and are no longer engaged in manual, agricultural work. Indeed in India, in a semi-urban population, a sedentary occupation in women involving only routine household work had a significant association with diabetes (Ramachandran et al., 1999) . Central obesity, physical inactivity and diet have been shown to be the strongest contributory factors to the increasing prevalence of diabetes. Obesity is a strong risk factor for the development of type II diabetes in all ethnic groups (Hayashi et al., 2003; Mokdad et al., 2003) . The prevalence of obesity is increasing worldwide in both developed and developing countries. The prevalence of adult obesity in the countries of the eastern Mediterranean regions is high (24-38%) and women in particular are affected (World Health Organisation, 1997; Al-Mahroos and McKeigue, 1998) .
The primary limitation of our study is that the sample populations studied in the two surveys were different. In the survey conducted in 1981, the rural and urban samples were not nationally representative of the whole Tunisian population, whereas the second survey is a large, nationally representative sample of the whole rural and urban communities. A second limitation is the bias response rate towards women compared to men in the TNNS. For this reason, we have analysed the prevalence rates of the sexes separately. A third limitation is that the diagnosis of diabetes was based on only one measurement of isolated glycaemia, although for epidemiological studies this is generally considered to be adequate.
We have demonstrated a high prevalence of diabetes and IFG in both men and women in Tunisia. Our nationally representative sample has shown age-adjusted prevalence rates of diabetes mellitus, based on an FPG, to be 7.3% in men and 9.6% in women. Increasing age, urban residency and high BMI were all found to be significantly and independently related to diabetes. Our study has also showed a significant increase in diabetes prevalence, in both urban men and women during a 15-year period with a marked increase of diabetes prevalence especially among women living in rural areas. It is likely that the rising prevalence of obesity is the most important factor for the subsequent rise in the prevalence of diabetes. The results underline the need to increase public awareness and to emphasize the benefit of lifestyle modification in order to attempt to reverse the current trend of increasing prevalence of obesity and diabetes. Nationwide programmes for the prevention of obesity and type II diabetes are urgently required. These need to be both feasible and cost-effective, such as focusing on schools, getting support from local community leaders and targeting high-risk families.
